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Abstract
      We present a phenomenological study of neutral gauge bosons and fermions in an extended Standard    
model  with SU(3)CSU(4)LU(1)X gauge symmetry .The model  includes gauge bosons and fermions 
without exotic charges and is distinguished by the symmetry-breaking pattern 
SU(4)LSU(2)LSU(2)HU(1)AH This introduces an extended  electroweak  symmetry group 
SU(2)LSU(2)H at   low energies We recover the fermion spectra of an anomaly-free  three-family  3-4-1              
model  without   exotic  charges for U(1)X charge ,X = T3R+ (B-L)/2 The interaction of physical               
neutral gauge bosons   ,Z Z  and   exotic fermions are  presented along with their masses and mixing 
angle The  electroweak  constraints from oblique corrections  on  the model are also calculated.
             PACS.12.60.Cn,12.15.Mm ,12.15Ff.
21.Introduction
    An important challenge of the LHC is to look for signals of new physics beyond the Standard 
Model (SM)[1] which has several extensions with predictions of exotic fermions, gauge bosons 
and scalar bosons[2]. Among these, the class of left-right symmetric [L-R] models [3] have 
interesting predictions for neutrino masses through the see-saw scenario. In this work, we 
consider an extension of the left-right symmetric model with additional SU(2)HU(1)AH  
symmetry which can be embedded in the      3 4 1C L XSU SU U  (3-4-1) gauge group.
Recently, an extension of L-R symmetric model [4] has been proposed with additional global 
U(1)S symmetry with a generalized Lepton number [5]
          The SU(4)U(1)X flavor symmetry has been considered in literature for both exotic [6]
and ordinary electric charges[7] for exotic fermions and gauge bosons. This extension can 
answer the question of family replication with the requirement of number of families equal to the 
number of colors for anomaly cancellations. The Little Higgs Model (LHM) [8] with 
SU(4)LU(1) gauge symmetry has been recently considered in literature 
In general, various 3-4-1 models can be classified by electric charge operator Q
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where Tα , α = 3,8,15 denotes diagonal generators of SU(4)L and X is the hypercharge operator 
for U(1)X. I4 is a 4 x4 unit matrix. The values for X are fixed by anomaly cancellation of the 
fermion content of the three-family models. The condition of ordinary electric charges for 
3fermions and gauge bosons for  3-4-1 model  restrict three-family models to only of four 
different types with possible choices for  parameters b and c [7] as   b = 1,c = -2; b = -1, c = 2 ;
b = c = 1.and  b = 1,c = -1 .The hypercharge of the SM embedded in SU(4)LU(1)X  is  
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T T XI   .After symmetry breaking of 3-4-1 to SM, the gauge matching 
conditions give [9]
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Here ,g g are gauge coupling constants for SU(2)L and U(1)Y ,  gX is the coupling constant for 
U(1)X , 
In this work, we consider the b = -1, c = 2 case with  
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    It is interesting to note that the U(1)X charges for the fermion spectrum obtained after anomaly 
cancellations ( X) satisfy (B -2X) = L – 2T3RV where B, L denote baryon and lepton numbers 
respectively.T3RV is the third component of isotopic spin ( T3R1+T3R2) for a diagonal
  1 22 (2) (2)R RRVSU SU SU  .Here SU(2)R1 is the right-handed group for L-R symmetric 
model.  SU(2)R2 is an additional  right handed group for exotic fermions. The values for X are 
obtained with distinct Baryon and Lepton numbers which is a special feature of this model,
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The symmetry-breaking pattern is considered as in [9] with three stages .The first stage of 
symmetry-breaking          4 2 2 1L L HL AHSU SU SU U   is achieved by a 15-plet Higgs 
scalar boson S [9] The second and third stages are considered by introducing four Higgs scalar 
bosons, 
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The diagonal generators of SU(4)L include T3L, T8L and T15L which allow the combinations
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The charge operator Q is similar to that for the left-right symmetric model [3,4] with additional 
SU(2)HL left-handed group for exotic fermions instead of SU(2)R
3 3 4L HQ T T XI   .        (6)
The anomaly-free three families of fermions are listed in Table I along with (B-2X) for the 
5fermion spectrum. The leptons  , , , , 1,2,3e e N E     are assigned to the SU(4)LU(1)X  
multiplet  Lα  ~ 
1
1, 4,
2
   
which restrict these to only leptons (L = 1). The sterile neutrino is thus 
obtained in three generations along with a heavy lepton E .The model predicts a rich 
phenomenology for these leptons through interaction with new gauge bosons and four scalar 
bosons corresponding to SU(2)H U(1)AH gauge symmetry
  Table I: The  fermion  content ,(B – 2X) and   X charges for anomaly-free 3-4-1 model.
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6The work is organized as follows. In Section 2 we present the main features of the model and 
discuss its SU(3)L limit .Section 3 deals with the gauge boson sector with charged and neutral 
gauge bosons .We consider neutral currents and their mixing and obtain the electroweak 
constraints on the parameters of the model from oblique corrections. Section 4 is a short 
discussion on results and conclusions. 
2. The 3-4-1 model without exotic charges
   The 3-4-1 model without exotic charged particles [7] has been considered in literature for 
( b=1,c = -2;b = -1,c = 2)  [10] .For the second case , the electric charge operator  
Q= 3 8 15 4
1 2
3 6
L L LT T T XI   . The application of renormalization group equations  discussed 
in [9]  leads to  ( sin2θW= sin2θW(mZ))
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where mX is the unification scale, sin
2θW(mZ) = 0.2226 and α(mZ)-1 = 128.91
The anomaly-free three families of fermions are listed in Table I. The X charges satisfy the 
condition of assumption (1) which relates (B-2X)   to  (2T3RV – L) for the fermion spectrum.
The model includes four Higgs scalars with 
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The neutral fields 03 , 01  , 02  and 04 are real while the remaining neutral fields are complex. The 
vacuum expectation values (VEV’s) are aligned as 
0, ,0,0 , ,0,0,0
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In addition, we consider a 15-plet Higgs scalar boson S transforming as (1,1,0) for first stage of 
symmetry-breaking        4 2 2 1SL L H AHSU SU SU U  
     1,1, 1, 1
2 2
w
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2.1 The  SU(3)L electroweak symmetry limit of 3-4-1 model: The  model , in the 
SU(3)L limit , corresponds to the anomaly-free three-family 3-3-1 model [11]  recently 
8considered for phenomenology of exotic 2/3 charge quarks[12]. In this case, the electric charge 
operator 
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The Weinberg angle is now defined by
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where g, g  are now the coupling constants of SU(3)L and (1)XU 
The scalar sector consists of three scalar triplets  (1, 3, 2/3 ), (1,3,-1/3), (1,3,-1/3) which can 
be associated with (1,4,1/2), (1,4,-1/2) and   (1.4.-1/2) scalar bosons in the 3-4-1 model .The 
study of the scalar sector in 3-3-1 case show that ,   give mass to W+ and Z bosons. The 
VEV’s  , ,v u V       where V >> v, u, and  2 2 246EWu v v GeV  
  An important point of difference lies in the trilinear coupling ijk i j k    which is introduced in 
the scalar potential [13] in 3-3-1 model. This is not present in the 3-4-1 case and thus affects the 
predictions for intermediate scalar masses in the 3-3-1 model. This is solved if we consider 
Higgs scalar  which belongs to the anti symmetric 6* representation of SU(4)L. The 
symmetric 10S in 4 4 6 10
   plays an important role in obtaining neutrino masses [9].The 
role of  is to introduce the trilinear coupling      in the scalar potential In the SU(3)L
9limit, this corresponds to 3* anti symmetric representation i
 of SU(3)L which should replace 
i in the trilinear coupling as ijk i j k            
The scalar sector is thus extended to add (6A*+ 10s) SU(4)L multiplets which has interesting 
phenomenological implications for neutrinos and exotic fermions. This problem will be 
considered separately.
3. New Gauge bosons in 3-4-1 model.
         The 24 gauge bosons associated with 3-4-1 model include W i ( i =1,2,..15)  in 15 –plet  
adjoint representation of SU(4)L, one SU(4)L singlet B associated with U(1)X  and 8 gluons for 
SU(3)C color group The 15-plet representation of SU(4)L splits into mutiplets of
     2 2 1L HL AHSU SU U    as          0 0 0 2 215 3,1 1,3 1,1 2, 2 2, 2     .
The covariant derivative for 4-plets is 4( )XD igT W ig XI B       , where 1, 2,..15 
1, 2,3, 4.  . The coupling constants of SU(4)L  and U(1)X are  g and gX respectively  .
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The charged gauge fields include
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After symmetry breaking with S        , and using covariant derivative D , we 
obtain the masses of charged gauge bosons 
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For neutral gauge bosons, the combination  3HZ A   is orthogonal to 3HT  , 3LW  .
The transformation between weak and mass basis is given by the rotation of the fields
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The neutral gauge boson fields  , , ,A Z Z Z     are       
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The covariant   derivative   D0 includes   the   physical   neutral gauge fields  , , ,A Z Z Z    
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The squared mass matrix for neutral gauge bosons is obtained for the case of (1) equal VEV’s 
for SU(2 )H Higgs scalar doublets,  and  a large VEV  for singlet scalar  S, with the hierarchy
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For simplifying the mixing between gauge bosons we assume u = v for SM Higgs [14] in which 
case the  Z gauge boson decouples from the other two ,
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The Z gauge boson acquires a heavy mass due to a large value of VEV S w .This 
distinguishes the model from other 3-4-1 cases [7, 10, 14] which predict 2 2
ZM V  . Defining the
squared mass terms
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For experimental comparison, we consider the general case [15] for a class of Z  models with
Z ZM M  .The residual 2x2 Z-Z/ mixing mass matrix can be written as [15]
2 2
2 2
1
/
W
N Z
W Z Z
ts
M M
ts M M
     (24)
We assume 2 2/ 1Z ZM M  . The mixing angle  between Z and Z  is introduced by defining 
physical neutral gauge bosons Z1, Z2 where  
1 2cos sin ; sin cosZ Z Z Z Z Z            
tan 2  =  
2
2 2
2 ZZ
Z Z
M
M M

 
. = - tsinθWMZ2/MZ/2 (25)
   
1 2
22 2 2 2 2 2 2 2 4
,
1
4
2Z Z Z Z Z Z Z Z Z
M M M M M M M M            (26)
The leading correction to Z boson mass is 
4
2 2 2 2 2
2
sin ZZ Z W
Z
M
M M t
M
  

    . This leads to the 
masses for Z1and Z2 , 
1 2
2 2 2 2 2 2;Z Z Z Z Z ZM M M M M M     .
3.1 Neutral Currents
The   interaction  Lagrangian for   , ,Z Z Z    vector bosons and fermions is written as
     5 5 52 2NC V A V A V AW
g g
L f g g fZ f g g fZ gf g g fZ
c
  
                  
(27)
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For SM gauge boson Z ,  23 32 ,V L W A Lg T Qs g T   .There are no couplings to exotic chiral 
fields except through Z Z  mixing. For ,Z  2 23 31 2 ; 1V H W W A H Wg T t t Xt g T t        .
For Z ,  3 3 1, 1,1, 1, 1
2 2
V H A Hg A g A Diag      The 1 2,Z ff Z ff  couplings are listed 
in terms of gV1, gV2, gA1 and gA2 where  is the mixing angle.
1 1 2 2 ., ; ;V V V A A A V V V A A Ag g g g g g g g g g g g              (28)
The SM fermions couple with Z universally through the vector coupling Vg by 2 Wtt X term 
.The Z  gauge boson couples uniformly to both SM and exotic fermions. The additional 
parameter w in the model can increase the mass above 1 TeV which affect the possibility of 
finding Z  at LHC.
Table II :  1 2,Z ff Z ff  couplings to SM fermions
Fermion                     gV1             gV2    gA1         gA2
    tL 21 4
2 3 3
W
W
tt
s     
21 4
2 3 3
W
W
tt
s     
    
1
2
1
2

     bL
     2
1 2
2 3 3
W
W
tt
s      
21 2
2 3 3
W
W
tt
s      
1
2
 1
2

( sL,dL) 21 2
2 3 3
W
W
tt
s     
21 2
2 3 3
W
W
tt
s     
   
1
2
1
2

(cL,uL) 21 4
2 3 3
W
W
tt
s      
21 4
2 3 3
W
W
tt
s      
1
2
 1
2

ei 21 2
2 W W
s tt      
21 2
2 W W
s tt     
1
2
 1
2

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i             1
2 W
tt        1
2 W
tt      1
2
1
2

Table III: 1 2,Z ff Z ff  couplings to exotic fermions
Exotic 
fermion
             gV1 gV2 gA1 gA2
UL 21 1
2 3
W
W
tt
t      
21 1
2 3
W
W
tt
t
    
21 1
2 W
t   21 1
2 W
t
DL 21 1
2 3
W
W
tt
t     
21 1
2 3
W
W
tt
t
     
21 1
2 W
t  21 1
2 W
t 
U1,U2 21 1
2 3
W
W
tt
t     
21 1
2 3
W
W
tt
t
     
21 1
2 W
t  21 1
2 W
t 
D1,D2 21 1
2 3
W
W
tt
t      
21 1
2 3
W
W
tt
t
    
21 1
2 W
t   21 1
2 W
t
Ni,i = 1,2,3 21 1
2 W W
t tt      
21 1
2 W W
t tt    
21 1
2 W
t   21 1
2 W
t
Ei,i=1,2,3 21 1
2 W W
t tt     
21 1
2 W W
t tt     
21 1
2 W
t  21 1
2 W
t 
Table II lists the Z1 and Z2 couplings to SM fermions and in Table III we list these couplings to 
exotic chiral fields. The shift in Zff coupling for chiral field f  is  f = sin
cos W fW
g
t X 
3.2 Electroweak Constraints  on parameters of model
We now obtain constraints on the mass of Z/ and parameter V from the following [15]
(1) The effect of shift in Z boson mass on radiative corrections [16] can be related to oblique 
parameter T (Peskin -Takeuchi parameter) [17] to give oblique correction [15]
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 
2 2 22 2 2
4 4
22 2 2 22 2
sin 1
tan .
2 2
W ZZ
W X
Z Z X
t MM v v
T g
M M V Vg g
 

    

. (29)
This is similar to the result derived in LHM [see S. Nam in ref.[8].
From recent experimental data[18] , S(MZ) =1/127.925  and sin2W = 0.2226
Since 
2
sin
1 sin
W
W
t




and v= 2 2 246u v GeV  , we obtain a constraint on the parameter V.
(a)At 95% CL for central value of Higgs mass MH =117 GeV, T < 0.06 gives V > 2.2697 TeV 
and the mass of Z  gauge boson as ZM  = 1.2477 TeV. The Z- Z  mixing angle  = 0.0014 .
(b)For T ≤ 0.12 , eqn (29) gives V ≥ 1.604 TeV and MZ/ = 890.6065 GeV. The
Z- Z  mixing angle  = 0.0028
Electroweak constraints on model from effective weak charge QW in atomic parity violation 
is obtained for mixing angle  by the relation 
        QW = -2{(2Z+N)C1u+(Z+2N)C1d}      (30)
where C1u,C1d are given by 1 1 12 ( )3
e q W
q Z A V
tt
C g g g  
This result depends on tanW and gZ which receive contributions from oblique corrections. The 
discrepancy between the SM and recent experimental data, WQ = 0.45+ 0.48 for cesium atom. 
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For T < 0.06 ( 0.12),  = 0.0014 (0.0028) the model predicts WQ = 0.09 (0.187) without oblique 
correction to sinW Thus the range of V and MZ/ considered are consistent with electroweak 
constraints .In Table IV we present a summary of our results.
    The extended gauge group SU(4)L breaks to give an additional SU(2)HL symmetry which gives 
(1,3)0  W
/
 gauge boson .These gauge bosons are predicted in  simplest extensions of SM [19].In 
the present model these gauge bosons do not mix with charged gauge bosons of the SM (3,1)0 
and can couple only to exotic fermion fields . From eqn.(17), the mass WM  is predicted at a 
scale V .The additional gauge bosons 2 2(2, 2) , (2, 2) can couple SM fermions to exotic fermion 
fields and have a lower mass than WM  .These have interesting one-loop contributions to Z 
decays .
The flavor-changing neutral currents (FCNC) also constrain the model. The symmetry-breaking 
pattern considered for 3-4-1 model  is [10]
                        4 1 3 1 2 1L X L z L YSU U SU U SU U    
The FCNC parameters have been recently used to constrain the mass of exotic quark U at 3-3-1 
level [12].As discussed in Section II, this is the SU(3) limit of  the present model and predicts U 
mass in  TeV range. A detailed analysis in the 3-4-1 case would through light on the D, U1 and 
U2 fermion masses. The lepton sector consists of three generations of sterile neutrino and heavy 
lepton E- .These leptons have been predicted by some models [21] models and have been 
suggested  at 2-14 TeV energies.
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4. Conclusions
In this work, we have presented an analysis of    4 1L XSU U model without exotic electric 
charges. The  symmetry is broken according to        4 2 2 1L L HL AHSU SU SU U  
The electric charge operator Q consists of parameters b = -1 and c = 2, which leads to
Q = T3L+T3HL+ XI4.This is an extended L-R symmetry        2 2 1 1L HL X AHSU SU U U  
.The X charge obtained after anomaly-cancellations in all 3-4-1 models now corresponds to the 
hypercharge Y of L-R model
 
3 1 3 2 2R R
B L
X T T
     which assigns Baryon and Lepton 
numbers to exotic fermions . The U(1)AH is an additional factor in the extended group with a new 
gauge boson Z which has mass determined by VEV w of a scalar S. Such bosons, predicted by 
many extensions of SM present important challenges at LHC [20].The mass of neutral gauge 
boson Z and the  Z-Z/ mixing have been obtained at the approximation V V u v  .The 
constraints on new physics are used from oblique corrections and effective weak charge in 
atomic parity violation to limit the lower bound of the parameter V and lower limit of ZM 
.These occur at energies available to LHC , at around (0.89-1.25) Tev for ZM    .The SU(2)HL
group consists only of exotic fermions which are singlets of SM, while their right-handed singlet 
antifermions belong to T3R2 = + ½.
The  3-4-1 model without exotic charges (b = -1,c = 2) also has a three-family anomaly-free
19
3-3-1 model embedded in it [12] .The phenomenology of exotic fermions will be studied in 
further work.
20
References
[1] C. Amsler et al.[Particle Data Group]Phys.Lett.B667,1(2008).
[2] J.L. Hewett and T.G. Rizzo , Phys.Rept.183,193(1989);A. Leike, Phys. Rept 317,143 (1999).
[3] E.Ma, Phys .Rev .D 36, 274(1987); K. S. Babu, X. -G. He and E. Ma, Phys .Rev .D36 878 
(1987).
[4] J. C. Pati and A. Salam, Phys. Rev. D 10,275(1974);R. N. Mohapatra and J. C. Pati , Phys .   
Rev.D11, 566 (1975);11, 2558 (1975);R. N. Mohapatra and G.Senjanovic, Phys.Rev .D12, 1502      
(1975).
[5]  S. Khalil, Hye-Sung Lee and E. Ma ,arXiv:0901.0981[hep-ph].
[6] F.Pisano and T.A.Tran, ICTP preprint IC/93/200(1993);V.Pleitez ,arXiv: hep-ph/9302287;
     R. Foot, H. N. Long and T. A. Tran, Phys.Rev.D50,  R34(1994);[arXiv: hep -ph/9402243];
     F. Pisano and V. Pleitez, Phys. Rev.D51,3865(1995)
[7] W. A. Ponce and L.A. Sanchez, Mod.Phys.Lett.A22,435(2007);W. A. Ponce, D. A. Gutierrez 
and  L. A. Sanchez ,PhysRev.D69,055007(2004).
[8] D .E .Kaplan and M .Schmaltz, JHEP 0310, 039 (2003);O.C.W. Kong, J. Korean Phys.Soc    
.45, S404(2004);O. C. W. Kong, Phys. Rev. D70, 075021 (2004); Soo- hyeon Nam 
arXiv: 0809.4473.
[9] Fayyazuddin and Riazuddin JHEP 0412 (2004) 013; Riazuddin and Fayyazuddin, Eur. Phys. 
J. C 56:389 (2008).
21
[10]L.A. Sanchez, F.A .Perez and W.A. Ponce, Eur. Phys.J.C35, 259(2004); S. Sen and  A .Dixit
    [arXiv: hep -ph/0609277].
[11] H. N. Long , Mod.Phys.Lett.A13,1865 (1998); H.N.Long,Phys.Rev.D53, 437 (1996);
    H N. Long, Phys.Rev.D54, 4691 (1996).
[12] J. M. Cabarcas, D. Gomez Dumm and R .Martinez, Eur. Phys. J.C 58569 (2008)
[13] R.A. Diaz, R .Martinez and F. Ochoa, Phys.Rev.D69, 095009 (2004).
[14].L.A. Sanchez, L .A .Wills-Toro and Jorge I. Zuluaga  , Phys.Rev.D77,035008,2008  
[15] M .S. Chanowitz, arXiv:0806.0890 [hep-ph]
[16] B. Holdom, Phys. Lett.  B 259,329 (1991);K.S.Babu,C.Kolda and J.March-Russell,
       Phys. Rev.D57,6788 (1998).
[17] Michael Edward Peskin, Tatsu Takeuchi , Phys.Rev.D46,381(1992).
[18] J. Erler and P. Langacker, Particle Data Group in Ref.1
[19]H .Georgi  , E. E .Jenkins and E.H. Simmons, Nucl. Phys B331,541 (1990);A. Donini et al ,
Nucl. Phys.B507,51 (1997).  
[20] I. Antoniadis, A. Boryasky, S. Espahbodi, O. Ruchayskiy and J.Wells,arXiv:0901.0639 
[hep-ph]
22
[21]M.Ozer, Phys. Rev. D 54, 1143 (1996); J.C.Salazar,W. A .Ponce and D. A. Gutirrez, 
Phys .Rev. D 75, 075016(2007)
